The development of disseminated intravascular coagulation (DIC) is associated with increased sepsis mortality. Antithrombin (AT) is one of several anticoagulants that have been studied in randomized trials of sepsis without benefit. In a recent study, Iba and colleagues reviewed data from patients who were treated for sepsis-related DIC with two lower doses of AT concentrate than studied in prior trials. Patients received 1,500 IU/day (n = 259) or 3,000 IU/day (n = 48) of AT for 3 days. All patients had baseline antithrombin activity <40% and there was no placebo group. The AT 3,000 group had higher 28-day survival as well as a higher rate of DIC resolution than the AT 1,500 group. Though intriguing, the study findings are limited by the non-randomized retrospective nature of the findings, which resulted in baseline differences in multiple confounders that affect mortality, as well as the lack of a placebo group to compare outcomes.
In a previous issue of Critical Care, Iba and colleagues describe the results of a post-marketing surveillance that compared the outcomes of 3 days of antithrombin (AT) concentrate dosed at either 3,000 or 1,500 IU/day in septic patients with disseminated intravascular coagulation (DIC) [1] . The higher dose, while lower than that used in many previous studies, improved survival and led to more prompt resolution of DIC. Their analysis raises several questions regarding the use of AT and the design of future trials in DIC.
DIC is a syndrome closely linked to the pathogenesis of organ failure in critical illness and is an independent predictor of organ failure and mortality in septic shock [2, 3] . The diagnosis of DIC is based on clinical findings and established using scoring systems based on abnormalities of common tests (that is, platelet number, fibrinogen, fibrin markers, and prothrombin time). Higher DIC scores are strongly correlated with mortality [4] . Reconciling differences in guidelines from the United Kingdom, Italy and Japan for the diagnosis and therapy of DIC was recommended in a recent publication [5] . In actively bleeding patients with DIC, the cornerstone of therapy is treatment of the underlying condition and transfusion of blood products. In DIC where thrombosis predominates, heparin should be considered (low quality of evidence) [5] . The use of anticoagulant factor concentrates such as AT was 'potentially recommended' (low-degree recommendation) [5] . Current Japanese guidelines recommend AT supplementation as a standard of care for septic patients with DIC [6, 7] . Until new data are available, the guidelines recommend that local consensus for therapy be followed [8] .
Iba and colleagues describe a non-randomized survey of AT use in sepsis-associated DIC focusing on two potentially important factors, dose and baseline AT activity [1] . The doses studied were two-to four-fold lower than the doses described in many prior randomized trials of AT in sepsis-associated DIC [9] . Baseline AT activity in all patients was less than 40%. Forty-eight patients were treated with 3,000 IU AT/day and 259 patients were given 1,500 IU AT/day, each for 3 days. The 3,000 IU dose resulted in better recovery from DIC and a 21% increase in 28-day survival (77.1 versus 56.4, P =0.01).
A previous survey by the authors of 729 septic DIC patients focused on the same lower doses as the current survey but in patients with AT <70%. Mortality was not different between doses and the risk of severe bleeding was <2% [10] .
These data should be considered in the context of two prior meta-analyses. The first analyzed seven trials of AT in septic patients and found no clear benefit and no relationship between risk of death and any treatment effect of AT [11] . The later one analyzed 20 trials of 3,458 critically ill patients randomized to treatment with AT or placebo. AT therapy was either titrated to achieve normal levels or given at a fixed dose. Mortality was not improved with AT nor was it altered in a subgroup analysis of 2,601 septic patients [9] .
In the largest single trial, high dose AT (30,000 IU total over 4 days) in 2,314 patients with severe sepsis did not improve 28-day survival [12] . A post hoc analysis suggested that patients who received AT without heparin had a survival benefit compared with placebo with no heparin [13] . The interaction of heparin and AT is important since the beneficial effect of AT in sepsis may relate to both potent anticoagulant and anti-inflammatory properties. The concurrent use of heparin may reduce AT efficacy by greatly enhancing anticoagulant effects (and risk of bleeding) while diminishing its anti-inflammatory properties [14] .
The hypothesis of Iba and colleagues regarding the benefits of lower dose AT is confounded by several factors: baseline platelet counts, differences in the underlying sources of infection and the number of patients who underwent surgery, as well as imbalances between the groups regarding the severity of illness, the use of heparin and recombinant thrombomodulin [1] . No control group is available to assess the effects of standard therapy alone. The majority of patients given the lowest dose AT (1,500 IU/day for 3 days) did not normalize their levels of AT in contrast to patients given 3,000 IU/day. Data describing usual care for severe sepsis (for example, antibiotics, fluids, vasopressors) were not provided.
It is intriguing to consider whether lower-dose AT improves outcomes in severe sepsis without increasing bleeding. However, the limitations described above require that a large randomized controlled trial be conducted to determine whether this is useful in severe sepsis with DIC. Any future trial will need to account for differences in standards of practice for severe sepsis in different regions of the world [15, 16] .
Abbreviations AT: Antithrombin; DIC: Disseminated intravascular coagulation.
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